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modulation signals is the possible high peak-to-average power ratio
(PAPR), which is not power-efﬁcient, if not treated appropriately.
Forth, in the FH/MFSK WSN, in addition to the EGC and EGC-IIC
considered in this contribution, other advanced noncoherent detection
schemes [9] may be implemented, which may enhance further the
detection performance.
Finally, we note that the overall performance of the FH/MFSK
WSN is jointly determined by the detection performance of the
L LSNs, the wireless channels, and the MEI. If the detection
performance of the L LSNs is poor, then, the overall performance
will most probably be poor, even when the wireless channels from
LSNs to FC are perfect and there is no MEI. Similarly, the overall
performance of the FH/MFSK WSN will degrade, if the wireless
channels becomes unreliable and the MEI is high. Hence, when
considering the optimization in the FH/MFSK WSN, the detection
schemes at the LSNs and FC need to be jointly considered. In general,
in the FH/MFSK WSNs, the performance of LSNs may be improved
by employing the advanced sensing techniques, the fading of wireless
channels can be compensated by making use of the frequency and
space diversity, while the MEI may be mitigated with the aid of
various noncoherent signal processing techniques [9].
V. PERFORMANCE RESULTS
In this section, the BER performance of the FH/MFSK WSN
employing either EGC or EGC-IIC fusion rule is investigated, when
assuming that the wireless channels from the LSNs to the FC
experience Rayleigh fading channels. The number of bits per symbol
is b = log2 M, and natural mapping from binary symbol to M-ary
symbol is assumed.
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Fig. 2. BER versus channel SNR per bit performance of the FH/MFSK
WSN supporting K = 2 SEs using L = 30 LSNs, when communicating
over Rayleigh channels.
Fig. 2 shows the BER performance of the FH/MFSK WSN
employing L = 30 LSNs monitoring K = 2 SEs of each with
M = 32 states (hypotheses). From the results, we can explicitly
observe that both the LSNs’ reliability and the channel SNR have
strong impact on the overall achievable detection performance of the
FH/MFSK WSN. As shown in Fig. 2, the BER performance of the
FH/MFSK WSN degrades, as the correct detection probability Pd
decreases from Pd = 1 to Pd = 0.7. However, for both the EGC and
EGC-IIC fusion rules, an BER of 0.01 can be achieved at a reasonable
channel SNR, which is typically lower than 14 dB. Additionally, from
Fig. 2, we can see that, for all the Pd values considered, the EGC-IIC
fusion rule outperforms the EGC fusion rule, when the channel SNR
is sufﬁciently high.
In Fig. 3, we illustrate the effect of the value of M on the BER
performance of the FH/MFSK WSN supporting K = 2 SEs using
L = 30 LSNs with Pd = 0.97. We can observe that the EGC-
IIC fusion rule outperforms the EGC fusion rule, provided that the
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Fig. 3. BER versus channel SNR per bit performance of the FH/MFSK
WSN supporting K = 2 SEs using L = 30 LSNs with Pd = 0.97, when
communicating over Rayleigh channels.
channel SNR is sufﬁciently high. However, if the channel SNR is
not sufﬁcient, the EGC-IIC fusion rule may be outperformed by the
EGC fusion rule. This observation becomes very explicit for the case
of M = 8. Furthermore, the results of Fig. 3 show that the BER
performance of the FH/MFSK WSN improves signiﬁcantly, as the
number of states of M increases.
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Fig. 4. BER versus channel SNR per bit performance of the FH/MFSK WSN
supporting K = 2 SEs employing various number of LSNs with Pd = 0.97,
when communicating over Rayleigh channels.
Fig. 4 illustrates the impact of the number of LSNs used on the
BER performance of the FH/MFSK WSN supporting K = 2 SEs,
when the LSNs have a correct detection probability of Pd = 0.97.
As shown in Fig. 4, when the channel SNR is sufﬁciently high,
the BER performance of the FH/MFSK WSN improves, as the
WSN employs more LSNs for attaining the space diversity. However,
when the channel SNR is not enough, using more LSNs may result
in degraded BER performance, due to the errors occurred at the
LSNs. From Fig. 4, again, we can ﬁnd that the EGC-IIC fusion rule
outperforms the EGC fusion rule, provided that the wireless channels
are reasonably reliable.
Fig. 5 shows the BER versus channel SNR per bit performance of
the FH/MFSK WSN supporting K = 1, 2 or 3 SEs, when the EGC
or EGC-IIC fusion rule is used. Explicitly, for both the EGC and
EGC-IIC fusion rules, the BER performance of the FH/MFSK WSN
degrades as the SEs supported increases, although, for K = 2, 3, the
EGC-IIC fusion rule yields better BER performance than the EGC